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I. INTRODUCTION 
Purpose and Scope 
The primary purpose of this bulletin is to provide instruction 
to Indiana county road personnel on rating the quality of soils and 
pit-run materials used in the construction and maintenance of county 
roads. A system of soil classification is presented which provides 
the county highway engineer, road supervisor and inspector alike, 
with a common language for identifying soil types, properties and 
problems. 
Identification of a soil by the system outlined in this bulletin 
will do much to evaluate it. The properties and problems of various 
soils determined previously by engineers have been recorded. There-
fore, the identification of a soil tells much about how it will : ( 1) 
drain, ( 2) carry loads, ( 3) react to frost, and ( 4) be most effec-
tively compacted. This information, of course, is basic to the con-
struction and maintenance of strong, durable roads. 
Chapter II of this bulletin, "Soil Components, Properties and 
Identification Tests'' provides instructions on the identification of 
soil components, based on their physical properties as determined 
by visual examination and simple hand tests. Five soil components 
are defined, along with their size ranges, properties and simple 
hand tests for identification. 
The Unified Soil Classification System is presented in Chapter 
III. This system is easily learned and is widely used by the U.S. 
Army Corps of Engineers and other public works agencies. The 
classification recognizes 15 basic soil groups; however, only seven 
or eight of these commonly occur here in Indiana. Definitions, 
word descriptions and classification symbols are summarized in 
Chart I-Unified Soil Classification System, at the end of Chap-
ter III. 
Chapter IV, "Field Identification Procedure" outlines instruc-
tions and procedures for identifying each of the 15 soil groups, 
using visual examination and simple hand tests. The soil identifica-
tion process is summarized in Chart II-Soil Identification Pro-
cedure at the end of Chapter IV. 
Chapter V, "Field Tests for Aggregate Materials" outlines addi-
tional field identification tests. These "indicator" tests are mainly 
for pit-run gravels and sands but can serve for both identification 
and general quality evaluation tests. Guide gradings are presented 
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for gravel base and surfacing aggregates. Tests to indicate the 
relative amount of fines and relative plasticity of fines are also 
outlined. 
In the last section, Chapter VI, "Rating Soils and Aggregates 
as Road Materials," the 15 soil groups are rated with respect to 
their inherent properties as road-building materials. Each soil 
group is rated for its: (1) load-carrying properties, (2) drainage 
properties, ( 3) frost properties, and ( 4) compaction properties. 
Building strong durable roads that are safe and economical is 
a universal goal of county highway departments in Indiana as well 
as elsewhere. Achieving this goal has always been a difficult task, 
mainly because of inadequate funds. However, central to the 
proposition of building strong, durable, economical roads is the need 
to evaluate the quality of road-building materials, especially sub-
grade and base course materials. This bulletin is intended to serve 
this need and hopefully will assist Indiana county highway de-
partments in achieving their goal of stronger and more durable 
county roads. 
Limitations of Field Identification Tests 
The relatively simple hand tests on soil materials outlined in 
this bulletin have been developed solely for the purpose of identify-
ing pertinent properties of soil materials. These tests are used 
widely in preliminary soil surveys and soils exploration to provide 
an indication of the type and amount of laboratory testing needed. 
It must be stressed that the field tests outlined here are only 
"indicator" tests ; they are not applicable to design and control of 
major construction projects. Likewise, these tests are not intended 
as a substitute for standard specification tests, covering commer-
cially processed aggregates, either purchased by the county or used 
in contract construction or contract maintenance. 
In order to learn the soil field tests, county road personnel 
should begin with soil materials that have been previously tested 
and classified in the laboratory. Test instruction by an experienced 
soils technician or engineer is recommended. 
Suggested Reading and References 
The Unified Soil Classification System included in this bulletin 
was developed and is widely used by the U.S. Army Corps of Engi-
neers. The system has also been adopted by several other public 
work:, agencies. The procedure for soil classification, by this system, 
includes both field and laboratory methods. 
The procedure outlined in this bulletin emphasizes the field 
identification method, mainly because the simple field tests seem 
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better suited to the needs of Indiana county highway departments. 
The laboratory methods require more time and involve more precise 
equipment and testing techniques. Therefore the following list of 
publications are included as suggested reading and reference for the 
county engineer, highway supervisor or inspector who desires to 
broaden his knowledge on methods of evaluating soils and road 
materials. 
(1) Soils Engineering, Section 1, Volume 1, Chapter I-V, Student 
Reference, U.S. Army Engineer School, Fort Belvoir, Virginia, 
revised October 1969. 
(2) Unified Soil Classification System, (A Supplement to the Earth 
Manual), U.S. Bureau of Reclamation, Denver, Colorado, March 
1953. [An excellent reference dealing only with the Unified 
Soil Classification System.] 
(3) Soil Tests for Military Construction, by Major George E. 
Bertram, U.S. Army Corps of Engineers, published by Ameri-
can Road Builders Association, Washington, D.C., Tech. Bull. 
No. 107, Reprinted 1960. [ A good reference on routine soil 
tests ; well illustrated ; easy to follow and understand. J 
( 4) PCA Soil Primer, Portland Cement Association, Chicago, 
Illinois. 
( 5) Soils lvlanual ( for Design of Asphalt Pavement Structures), 
The Asphalt Institute, College Park, 1\faryland, April 1963. 
Both the Asphalt Institute and PCA publications provide ex-
cellent fundamental data on the engineering properties of soils, 
soil profiles, soil sampling, and pavement design relative to soil types. 
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II. SOIL COMPONENTS, PROPERTIES AND 
IDENTIFICATION TESTS 
The identification of soil components in this manual is based 
on their physical properties as determined by visual examination 
and simple hand tests. This section defines five soil components, 
their size ranges and properties, along with simple hand tests for 
identification. The meaning of plasticity, gradation, percent of 
gravel, percent of sand and percent of fines must be clearly under-
stood. 
Soil Components 
The five soil components discussed herein are: ( 1) gravel, 
(2) sand, ( 3) silt, ( 4) clay, and ( 5) organics. Natural soils may 
be composed entirely of only one component but usually are com-
posed of mixtures of two m more components. The main physical 
characteristic used to identify soil is particle size. Gravels and sands 
are defined as coarse-grained components; silts and clays as fine-
grained components. Any of these materials may contain varying 
quantities of organic material. 
Coarse-Grained Components 
GRAVEL has a size range of three inches (baseball size) to 
about ¼ in. ( dried pea size). Relative to Standard U.S. Sieve 
sizes, it has a size range between the 3-in. sieve and the No. 4 sieve. 
Gravel is further divided into coarse and fine sizes-see Figures 
1 and 4. 
SAKD sizes range from below ¾ in. to about 3/1000 in.-about 
the smallest size the naked eye can observe. Sand has a size range 
between the No. 4 sieve and the No. 200 sieve. Sands are divided 
into coarse, medium and fine sizes-see Fig. 2. 
Fine-Grained Components 
SILTS and CLAYS, also called FINES, are smaller than 3/1000 
in. They both pass a No. 200 sieve. Individual silt and clay par-
ticles are essentially too small to be seen by the naked eye-see Fig. 
3. They can be identified by a simple plasticity test--clays are plastic, 
silts are nonplastic. 
ln the laboratory, sand and fines are separated with sieves as 
shown in Fig. 4. Tables I and II also provide more information 
on soil component sizes. 
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Fig. 1. In the Unified Soil Classification System, gravels are divided only 
into course and fine sizes. Coarse gravel ranges from 3 in. (baseball 
size) to ¾-in. (about the diameter of a nickel). Fine gravel 
ranges from below Ji in. to about ¼ in.-the size of a dried pea. 
Fig. 2. The Unified System classifies sands into coarse, medium and fine sizes 
-they are shown in true or actual size above from left to right. The 
inspector should try to fix these size ranges in his mind and make an 
association with certain familiar objects as in Fig. 1. 
Organic Components 
ORGANICS are decomposed plant (mainly grass, leaves and 
woody materials) and animal remains. Organics form a significant 
part of some soils, and have strong influence on their engineering 
behavior. They are identified mainly by: ( 1) their dark colors--
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Fig. 3. This photograph shows the size relationship between fine sand and 
fines ( silt and clay particles). Sharp observation of the photograph 
shows that the silt and clay particles fit down into the crevices of 
the "finger prints" (right) and that the fine sand particles do 
not (left). Fine sand feels sharp and gritty while both silt 
and clay particles feel soft and smooth like flour. 
black, gray and brown; (2) their odor of decay, and ( 3) their 
general composition of plant and animal remains. Peat and muck 
are the two main organic materials. 
PEAT is primarily brown, fibrous, partially decomposed plant 
debris. Particle size is highly variable but most individual fibers 
are easily visible-see Fig. 5. 
MUCK is more highly decomposed, or completely decomposed, 
plant and animal remains. Most of the remains have turned to 
carbonaceous particles of silt and clay size-particles too small to 




~Nf .. . 
Fig. 4. In the laboratory, the most informative soil test is the sieve ( or size) 
analysis test. The various soil sizes are separated as indicated above. Each 
size collected is weighed and its percent by weight is calculated. In the 
field, the inspector estimates the quantity (percent by volume) of 
only gravel, sand and fines. 
Fig. 5. Peat, on the left, is composed primarily of partially decomposed plant 
life. Muck, in the center, is mainly highly decomposed plant and animal 
remains-but may contain fresh leaves, grass, twigs, etc. In mucks, 
decomposed materials turn to black carbonaceous particles of silt 
and clay size as indicated on the right. 
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Soil Components Summarized 
GRAVEL and SAND, the coarse-grained components, are identi-
fied by particle size. CLAYS and SILTS, the fine-grained com-
ponents, or FINES, are identified by their plasticity and lack of 
plasticity. ORGANICS-PEAT and MUCK are identified by color, 
odor and composition. 
Table I SIEVE SIZE RANGE OF SOIL COMPONENTS 
Soil fractions are normally designated by a range of sieve sizes. The words 
"pass," "retained," "plus" and "minus" refer to the particle size in relation to 
sieve size. For example, fine gravel passes a ¼-in. sieve and is retained on a No. 
4 sieve; fine gravel may also be designated as minus };i-in. sieve and plus No. 4 






























Table II SIEVE SIZES AND SIZE OF OPENINGS 
The Unified Soil Classification System uses particles sizes arbitrarily set at 
certain U.S. Standard Sieve sizes as shown below in the listings. Note the ac-























( barely visible) 
Soil plasticity, degree of plasticity and simple field plasticity tests 
are defined below. 
Soil Property of Plasticity 
The soil property of plasticity is simply that of being putty-like-
clays are putty-like, silts are not. Silts behave more like extremely 
fine sands. 
Degree of Plasticity 
Degrees of soil plasticity used in soil identification are nonplastic, 
low plastic and high plastic. Silts are nonplastic and clays are 
plastic-either low or high plastic. The great majority of Indiana's 
surface soils are low plastic clays. 
Degree of plasticity, used to identify soils, can be determined by 
simple hand tests. Moist, fine-grained soils that can be formed into 
ribbons are clays. The longer the ribbon formed-the more plastic 
the clay. Degree of plasticity can also be detected in dry, fine-grained 
soils. The more effort required to break and powder lumps of dry, 
fine-grained soils-the more plastic ( and cohesive) the soil. 
14 
Ribbon Test 
The ribbon test is used to determine if a soil is plastic or non-
plastic and also whether plastic soils are low or high plastic. 
The test is usually performed on predominately fine-grained soils. 
However, if the fines in a predominantly coarse-grained material 
are to be checked for plasticity, the fines should be separated by 
hand ( described on p. 17) or by sifting dry granular material 
through a No. 40 sieve. 
Usually the fines ( about a handful) must be wetted and kneaded 
to attain a good, moldable condition. Wet soil that sticks to the 
hands is too wet; it must be worked until it is no longer sticky. 
A roll, about ,½ in. to ¼ in. in diameter and 3 in. to 5 in. long, should 
be formed. The roll is then very carefully squeezed into a ribbon 
}ls-in. to }4-in. thick as shown in Fig. 6. The vertically hanging 
ribbon is formed until its own weight causes it to break. Ribbons 
of a certain length indicate the degree of plasticity. 
Ribbon Length 
over 8 in. 
under 8 in. 
none formed 
Soil Type 
high plastic clay 
low plastic clay 
non plastic soils ( namely silt) 
Fig. 6. In the ribbon test, high plastic clays form ribbons over eight inches long, 
low plastic clays ( includes medium plastic clays) form ribbons less than 
eight inches long. Silts do not form ribbons-the very short silt ribbons 
shown above formed with one forward push of the tlfu~b and then broke. 
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Dry-Strength Test 
The dry-strength test, like the ribbon test, will distinguish plastic 
and nonplastic soil types and whether plastic soils are high or low 
plastic. The test is performed on dry lumps of predominantly fine-
grained soils or on fines separated out of coarse-grained soils by 
hand or with a No. 40 sieve. 
Test samples should be thoroughly air-dried, sun-dried or dried 
with applied heat. The finger force ( thumb and forefinger) required 
to break dry lumps into smaller lumps and to pinch the smaller 
lumps into powder indicates soil plasticity-see Fig. 7. Dry silts 
can usually be pinched entirely to powder; clays usually form very 
small lumps and powder as indicated below : 
Difficulty of 
Breaking Lumps 
Difficult to impossible 









low plastic clay 
nonplastic silt 
Fig. 7. In the dry strength test, dry high plastic clays, as on the left, are impos-
sible or very difficult to break. Low plastice clays range from difficult to easy 
to break. The low plastic clay lump, in the center, broke fairly easily, 
but it was impossible to very difficult to pinch the smaller lumps 
into powder. The dry silt lump, on the right, pinched easily 
into a completely powdered form. 
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Percent Gravel, Sand and Fines 
In the field identification of soils, and particularly in the identi-
fication of predominantly gravelly and sandy materials, one should 
be able to visually estimate the approximate percent of gravel, 
percent of sand and percent of fines. An accurate estimate of the 
percent of fines in gravels and sands is especially important when 
they are used for base or surfacing materials. 
Clean and Dirty Gravels and Sands 
It takes only a small amount of fines to seriously reduce the 
general quality of gravel or sand as a base material. Aggregates 
can be classified as "clean," "dirty" and borderline ( or slightly dirty) 
as indicated below. Identification of clean and dirty aggregates are 
discussed in more detail later. 
Percent Fines 






"clean"-little or no fines 
borderline 
"dirty"-appreciable fines 
Percent Gravel, Sand and Fines by Observation 
In field identification, material percentages are estimated by 
observing the relative quantities or volumes of gravel, sand and 
fines and it can be done with the sample dry or moist. Gravelly 
or sandy materials should be spread thin on a flat surface or in 
the palm of the hand. By brushing with the finger, the gravels and 
larger sand sizes can be easily separated but not so the fine sands 
and fines. Rub some of the generally finer material between the thumb 
and forefinger-fine sand feels gritty; silt and clay fines feel soft 
and smooth, like flour. After touching and scrutinizing, and possibly 
trying the simple tests described below, make a thoughful estimate 
of the percentages of gravel, sand and fines-see Fig. 8. 
Dust Formation Test 
In this test a large handful of completely dry, coarse-grained 
soil (gravel removed) is dropped about 18 inches onto a hard 
surface. If little or no dust flies, the material is essentially clean-
less than five percent fines. If a small dust cloud forms, the 
material is dirty. See Fig. 9. 
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Hand Stain Test 
On moist, coarse-grained soils (gravel removed) a handful is 
squeezed in the hand. If the material is clean, the hand will not 
be discolored or stained. If dirty-the hand will be discolored or 
even look "muddy"-see Fig. 10. 
Fig. 8. By picking and brushing (as above) with the fingers, a sample of coarse-
grained soil can easily be separated into gravel, coarse sand and a third 
pile, lower center, of medium sand, fine sand and fines. Hand separation 
of particles below about a ,:\, in. is difficult. However, by spreading 
the latter pile thin and by careful observation and carefully 
rubbing and feeling, the percent of fines can be estimated 
within five percentage points with a little practice. 
Gradation 
Gradation refers to the grain-size composition of a coarse-
grained soil or the amounts of various particle sizes in the soil. 
It is a relative term used to describe predominantly coarse-grained 
soils only. Gravels and sands are either well-graded or poorly-
graded. 
Well-Graded Gravels and Sands 
Well-graded materials have various amounts of larged and smaller 
particles such that the voids between the larger particles can be 
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Fig. 9. In the dust formation test, a handful of sand and fines of a dirty, 
coarse-grained soil, dropped about 18 in. onto a hard surface, will pro-
duce a dust cloud as on the right. Clean materials do not cause a 
dust cloud. (Actual observation will show the dust more 
distinctly than the above photo). 
Fig. 10. In the hand stain test, wet or thoroughly damp coarse-grained soils 
may be determined to be clean or dirty. Dirty material, after being firmly 
squeezed in the hand, leaves a stain or discoloration-as on the left. 
A clean material leaves essentially no stain-as on the right. 
19 
filled with smaller and smaller particles to make a tight (chinked-in), 
dense, stable mass-see Fig. 11. The material could be primarily 
a gravel, or primarily a sand, or a gravel-sand mixture. 
Poorly-Graded Gravels and Sands 
Poorly-graded materials may have all particles nearly the same 
size or it may be a material in which some particle size, or sizes, 
are missing such that it does not meet the requirements of a well-
graded material. The term "uniformly-graded" is used for gravels 
or sands composed mainly of one size; the term "gap-graded" is used 
to indicate a missing size or sizes. See Figures 12 and 13. 
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Fig. 11. This is a photograph 
of a well-graded gravel. It is 
obvious, from the distribution 
of particle sizes, that a large 
quantity, well mixed, would 
form a tight or dense, chinked-
in mass and make a strong stable 
road base when properly com-
pacted. When a material such 
as this is used as a base coarse, 
it is called dense-graded aggre-
gate. 
Fig. 12. This is a poorly graded 
gravel. Since all the particles 
are about the same size it is also 
called a uniformly-graded 
gravel. It is obvious that this 
imiformly-graded gravel, espe-
cially with its rounded and sub-
rounded particle shapes, would 
not make as stable a base as 
the well-graded gravel. \1/hen 
a material such as this is used 
as a base course it is called an 
open-graded aggregate. 
Fig. 13. This is also a poorly-
graded gravel. Since several 
sizes are missing, to qualify as a 
well-graded gravel, the material 
is also called a gap-graded 
gravel. As a base, it would be 
more stable than the uniformly-
graded gravel but less stable 
than the well-graded gravel. 
III. THE UNIFIED SOIL CLASSIFICATION SYSTEM 
The Unified Soil Classification System recognizes 15 basic 
soil groups. Each group has distinctly different soil properties and 
thus behaves differently as an engineering material. The basis of 
classification involves three factors : 
( 1) Soil component percentages (gravel, sand and fines) 
(2) Plasticity of fines ( clayey if plastic and silty if nonplastic) 
( 3) Gradation of coarse grains ( well-graded or poorly-graded) 
The specifications or boundary limits for each of the 15 basic 
soil groups, relative to the above three factors, are listed in Chart I-
Unified Soil Classification System. Each soil group is also briefly 
described in the following pages. 
Classification Symbols 
The Unified System also provides a series of letter symbols for 
a short-hand method of designating each soil group. The following 
is a brief review of the letter symbols. The symbols, for each soil 
group, are also shown on Chart I. 
Symbols for Coarse-Grained Soils 
G=Gravel W=Well graded 
S=Sand P=Poorly graded 
M=Silt 
C=Clay 
Thus, GM designates a silty gravel, SW designates a well-
graded sand, etc. 
Symbols for Fine-Grained Soils 
M=Inorganic silt 
C=Inorganic clay 
0=0rganic silt or clay 
L=Low liquid limit* 
H=High liquid limit* 
Thus, OL designates a low plastic, organic silt; CH designates 
a high plastic, inorganic clay, etc. 
* Liquid limit is the moisture content of a soil. as determined by the standard 





CHART I - UNIFIED SOIL CLASSIFICATION SYSTEM (i) 
(Including Identification and Description) 
MAJOR DIVISIONS SYMBOLS SOIL GROUP NAME FIELD IDENTIFICATION PROCEDURES@ 
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SIL TY CLAY 
HIGH PLASTIC CLAY 
ORGANIC CLAY 
PEAT AND MUCK 
2. Primary discussion of field identifica .. 
tion prOcedures is in Chapter IV. 
Wide range in grain sizes· and substantial amounts of all 
intermediate sizes 
Predominantly one size or a range of sizes with some 
intermediate sizes missing. 
t'-lonplastic fines. Identify fines with tests listed below for ML or 
plasticity test - Chapter IV. 
Plastic fines. Identify fines with tests listed below for CL or 
plasticity test - Chapter IV. 
Wide ranges in grain sizes and substantial amounts of al I 
intermediate sizes. 
Predominantly one size or a range of sizes with some 
intermediate sizes missing. 
Nonplastic fines. Identify lines with tests listed below for ML 
or plasticity test - Chapter IV. 
Plastic fines. Identify lines with tests listed below for CL or 
plasticity test - Chapter IV. 
I DE NTI FICA TION PROCEDURES@ 
On Fraction Smaller than No. 40 Sieve Size 
RIBBON TEST DRY STRENGTH TEST OTHER 
(Ribbon Length) (A.Breaking B.Powdering) FEATURES 
A. Easy 
None forms B. Complete 
A. Easy Abundant 
None forms B. Complete Mica Flakes 
A. Easy Color Odor 
None forms B. Complete Composition 
A. Easy to difficult 
Less than 8 in. B. Incomplete 
A. Difficult to impossible 
More than 8 in. B. None 
A. Vorioble Color Odor 
Variable B. Variable Composition 
Compos it ion 
Color Odor 
3, Tests are oversimplified and therefore are designed to have o ten• 
dency to indicate soils of relative poorer quo.lity from .;.,hat theyare. 
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Coarse-Grained Soils 
Coarse-grained soils have more than 50 percent coarse grains. 
l\lore than 50 percent of all the particles are retained on a No. 200 
sieve. Coarse-grained soils are classified as either gravel or sand 
soils. 
Gravel (G) 
A coarse-grained soil is basically a gravel if more than half its 
coarse-grains are gravel size-more than half is retained on the Ko. 
4 sieve ( plus No. 4 sieve) 
Sand (S) 
A coarse-grained soil is basically a sand if more than half its 
coarse-grains are sand size-more than half passes the No. 4 sieve 
(minus No. 4 sieve). 
Clean Gravels and Clean Sands 
Clean gravels and clean sands have less than five percent fines-
less than five percent passes the No. 200 sieve. Clean gravels and 
clean sands are either well graded (W) or poorly graded (P). The 
four clean gravels and sands are: 
Clean Well-Graded Gravel 
Clean Poorly-Graded Gravel 
Clean 'vV ell-Graded Sand 





Dirty Gravels and Dirty Sands 
Dirty gravels and dirty sands have more than 12 percent fines-
more than 12 percent pass the No. 200 sieve. There are four dirty 









* When a coarse-grained soil has more than 12 percent fines the effect of gra-
dation of coarse particles is reduced and the effect of fine particles increased-
the type of fines clayey (plastic) or silty ( nonplastic) is designated. 
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Fine-Grained Soils 
Fine-grained soils have more than SO percent fines-more than 
SO percent passes the No. 200 sieve. Fine-grained soils are classified 
as either silts or clays. 
Silts (M) 
The three silt classifications are : 
Silt (Inorganic) (ML) 
Micaceous Silt (MH) 
Organic Silt (OL) 
Clays (C) 
The three clay classifications are : 
Low Plastic Clay 







In the Unified System, only the one word is used to designate 
both peat and muck-they are described on page 10. 
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IV. FIELD IDENTIFICATION PROCEDURE 
One of the main advantages of the Unified Soil Classification 
System is that soil samples can be identified in the field by visual 
examination and simple hand tests, requiring little, if any, test 
equipment. Using word descriptions, below, of each of the 15 soil 
groups and/or a chart, field identification of soils is made easy. Chart 
II-Soil Identification Procedure, at the end of this chapter, provides 
a technique for identifying a soil hy simple elimination. 
Representative Samples 
This is a key factor in evaluating the quality of any road-
building material, and especially so for soils and base course 
materials. Therefore, the county highway inspector, must be con-
stantly alert to selecting test samples that are typical and representa-
tive of the materials used in the roadway structure. 
A knowledge of soil weathering and the development of soil 
profiles ( A, B and C horizons) is invaluable in sam.pling subgrade 
soils. ( See the references for soil profile data) 
Obtaining representative samples from stratified sand and gravel 
pits can be clone as described in Appendix A. 
Equipment for Testing Soil Samples 
Little or no equipment is required for most field identification 
tests. However, for a few tests on aggregates, described in the next 
chapter, several ordinary household items may be used. The equip-
ment is illustrated in the following chapter and listed in Appendix B. 
Preparation of Sample 
Select a representative sample of the soil to be identified and 
spread same out on a flat surface or in palm of hand. 
(a) Estimate maximum particle size in sample. 
(b) Estimate percentage of material larger than 3 in. 
( c) Remove material larger than 3 in. from sample. Only that 
portion of sample smaller than 3 in. is identified. 
(cl) Other sample preparation is outlined in the description of 
the various field tests. 
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Identification of Coarse-Grained Soils 
Versus Fine-Grained Soils 
To identify the sample as coarse-grained or fine-grained, make 
an estimate of the percentage of individual particles that can be 
seen by the naked eye. 
Soils containing 1nore than 50 percent visible particles are coarse-
grained soils. 
Soils containing less than 50 percent visible particles are fine-
grained soils. 
When a sample appears to have about equal amounts of coarse 
grains and fine grains (borderline sample), break clay-cemented 
lumps into individual particles and break away fines adhering to 
larger aggregates. It may be necessary to dry the sample in order 
to break it down into individual particles. Identification may also 
be helped by running the sample through a piece of ¼-in. mesh 
hardware cloth ( or No. 4 sieve) to separate out the gravel sizes. 
Identification of Clean Gravels and Sands 
Well- and Poorly-Graded Gravels and Sands 
(GW) (GP) (SW) (SP) 
A clean, coarse-grained soil ( over 50 percent gravel and/ or sand) 
with less than five percent fines is either a well-graded or poorly-
graded gravel ( GW) ( GP) or either a well-graded or poorly-graded 
sand (SW) (SP). 
To identify a clean, coarse-grained soil, spread the sample thin 
on a flat surface, carefully observe all particles, carefully feel the 
smallest particles, try the dust formation test and the hand stain test. 
\i\Then gravel is the predominating material in the coarse-grained 
portion of a soil, the soil is basically a gravel-when sand pre-
dominates, the soil is basically a sand. 
Clean gravels and sands are usually readily detected by careful 
observation and examination of the finer particles. Fine sands feel 
gritty-silts and clays feel soft like flour. Dry, clean gravels 
and sands form no dust cloud in the dust formation test and moist, 
clean gravels and sands do not stain the hands in the hand-stain test. 
Finally gradation, well-graded or poorly-graded, must be deter-
mined simply by observation according to definitions previously 
provided. 
Clean sand and gravels rarely occur as a natural subgrade soil 
in Indiana, nor are they likely to be well-graded. As a general rule, 
Indiana's sand and gravel deposits are poorly-graded and contain 
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more than five percent fines. Clean, well- or poorly-graded gravels 
and sands usually must be obtained as commercially processed 
aggregate. 
Identification of Dirty Gravels and Sands 
Silty and Clayey Gravels and Sands 
(GM) (GC) (SM) (SC) 
A dirty coarse-grained soil ( over 50 percent gravel and/ or sand) 
with over 12 percent fines is either a silty gravel ( GM) or clayey 
gravel (GC) or a silty sand (SM) or clayey sand (SC). 
Spread the sample thin, carefully observe, examine and test for 
a dust cloud and hand staining. 
If gravel predominates in the coarse grains, the sample is basically 
a gravel; it is basically a sand if sand predominates. 
If appearance indicates more than 12 percent fines, and the dust 
formation test shows a substantial dust cloud, and the moist samples 
stains the hands-the material is dirty. The sedimentation test 
outlined in the next section under "Field Tests for Aggregate 
Materials" will also prove helpful in estimating the percent of fines 
in the sample. 
When gravels or sands are found to have more than 12 percent 
fines, the fines must be examined for plasticity. The fines maybe 
brushed out or sieved out ( using a piece of window screen). Fines, 
( silt and clay) collected in this manner usually contain considerable 
fine sand but it does not matter because the fines need to be 
identified only as plastic or nonplastic ( not low or high plastic). 
If the fines are plastic, as indicated by the formation of a moist 
ribbon (probably short), and have noticeable dry strength, the 
soil is a clayey gravel or sand. If the fines are nonplastic, as indi-
cated by their inability to form a ribbon, and by dry lumps having 
essentially no dry strength, the soil is a silty gravel or sand. 
Silty sand subgrade soils are quite common in northern Indiana. 
They are found in sand dune areas, in the large Kankakee basin and 
many smaller outwash plain areas. They are found in hundreds of 
square miles of beach sand areas around Lake Michigan. Subgrade 
soils of silty gravel, clayey gravel and clayey sand are much less 
common than silty sand. 
Identification of Silts 
A fine-grained soil ( over 50 percent fines) that can easily be 
broken and pinched into powder when dry. and that can not be 
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ribboned when moist, 1s either a silt (inorganic), nncaceous silt or 
organic silt. 
Silt (ML) 
Silt ( inorganic silt) can be distinguished from micaceous and 
organic silt simply by the lack of mica flakes and dark, organic 
materials. 
"Clayey," "sandy" or "gravelly" can be used as modifying words 
before silt if more than a trace of these materials are present. Clayey 
silts have very slight dry strength and may form very short ribbons. 
Fine sands are often found with silts and can be detected by their 
gritty feel. 
Windblown silts ("dune" silts) are found along many bordering 
uplands of Indiana's large rivers. Silts and fine sands are found 
on most flood plains. Surface soils tend to become silty because 
clay-size particles migrate downward with the passage of time. 
Micaceous Silt (MH) 
Micaceous silts are silts with an obvious abundance of tiny 
mica flakes. Micaceous silts in Indiana come mainly from the break-
down of micaceous sandstone bedrock in southern Indiana. 
Organic Silt (OL) 
Organic silts are the black or dark silts-with about ten percent 
or more organic fines. They are usually shallow surface soils found 
in basin areas or around swamps. 
Identification of Clays 
A fine-grained soil ( over 50 percent fines) that can be readily 
formed into a ribbon when moist and that has obvious dry strength 
is either: (1) low plastic clay or (2) high plastic clay or (3) 
organic clay. 
Low Plastic Clay (CL) 
Low plastic clays form ribbons one to eight inches long ( clays 
forming ribbons approaching eight inches may be called moderately 
plastic). Dry lumps may be broken fairly easily with the fingers 
but usually considerable effort is required. It is difficult ( or impossi-
ble) to pinch the smaller lumps into a completely powdered con-
dition. 
Nearly all of Indiana's low plastic clays have a low plasticity 
because of a high silt content. Therefore low plastic clays in Indiana 
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are commonly identified as silty clays. If there is a significant amount 
of sand or gravel-the material may be classified as a sandy, silty 
clay or a gravelly, silty clay. 
It is estimated that "silty clays" account for approximately three-
fourths of the surface soils occurring in the State of Indiana. 
High Plastic Clay (CH) 
Highly plastic clays form long ribbons-eight to ten inches long. 
Dry lumps of highly plastic clay are very difficult or impossible to 
break into smaller lumps and, of course, it is impossible to pinch 
small lumps into powder. 
Highly plastic clays will rarely be encountered in Indiana. When 
they are encountered they most likely will not contain significant 
amounts of silt, or sand, or gravel. Such clayey soils are therefore 
usually called highly plastic clays. 
Organic Clay (OH) 
Organic clays are composed predominantly of clayey soils but 
as little as ten percent of black organic fines (black carbonaceous 
particles of silt and clay sizes) can change the behavior ( and color) 
of the clay and make it unsuitable for a subgrade soil. 
Organic clays form short to medium length ribbons of one to 
several inches. But their black to dark colors, light weight, and 
their soft and spongy feel distinguish them from the other clays. 
The location of organic clays also helps to identify them. They 
are usually found in low, undrained, or poorly-drained, basin areas 
and especially in and around swampy areas. 
Borderline Soils 
Many soils will exhibit properties of two groups because they 
are borderline between the groups, either in percentage of sizes 
estimated or in degree of plasticity. In such cases, soil designations 
are used which incorporate both group symbols connected by a 
hyphen, such as GW-GM. 
Coarse-grained soils will often have nearly equal proportions of 
sand and gravel sizes. In such cases, proceed with the identification 
assuming the soil is a sand. Continue the identification until a final 
soil group is reached, say clayey sand (SC). Since the soil might 
also be assumed to be a gravel, the borderline field identification 
would be GC-SC. This is appropriate since the criteria for gravel 
and sand subgroups are the same. Likewise, other borderline soils 
within the sand or gravel groupings might be SW-SP, SM-SC, 
SW-SM, GW-GP, GM.GC, etc. 
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Soils borderline between coarse grained and fine grained are 
identified first as a coarse-grained soil and next as a fine-grained 
soil. Borderline soils such as SC-CL and SM-ML are common. 
In the fine-grained group, borderline soils can develop between 
soils of high plasticity and low plasticity, also between silty and 
clayey soils of the same plasticity. Examples of such soils would be: 
ML-MH, CL-CH, OL-OH; and CL-ML, CL-OL, MH-OH, etc. 
Summary of Soil Identification Procedure 
Chart II, Soil Identification Procedure, serves two purposes. It 
summarizes all the previous information on soil identification and 
it provides a step-by-step procedure for identifying an unknown soil 
sample. 
The identification procedure is, in effect, a process of elimina-
tion-beginning at the top of the chart and working downward until 
the soil is identified. The main requirement for using the chart 1s 
to have the "know-how" for running four simple hand tests: 
( 1) Ribbon Test - page 15 
(2) Dry Strength Test - page 16 
(3) Dust Formation Test - page 17 
( 4) Hand Strain Test - page 18. 




CHART II - SOIL IDENTIFICATION PROCEDURE 
I 
OVER 50% FINE GRAINS 
FINE-GRAINED SOIL 
WET-FORMS RIBBON 
DRY-HARD TO BREAK 
I~ I 
Ribbons Ribbons Ribbons No Ribbon No Ribbon No Ribbon 
Less Sin. Over 8 in. Variable Powders Powders Powders 
I I I I I 
Lumps Firm Lump Break Lumps Break Has Mica Dark Colar, 





I SOIL SAMPLE I 
I 
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Dry-No Dust Cloud 
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Dry-No Dust Cloud 
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CLEAN SAND DIRTY SAND CLEAN GRAVEL DIRTY GRAVEL 
Wei\ Poorly Fines Fines Weil Poorly 















~ ~ ~ T 1 ? , , ~ ~ 1 1 ~ , T 
LOW HIGH ORGANIC SILT MICACEOUS ORGANIC WELL POORLY CLAYEY SILTY WELL POORLY CLAYEY SILTY PEAT 
PLASTIC PLASTIC CLAY SILT SILT GRADED GRADED SAND SAND GRADED GRADED GRAVEL GRAVEL 
CLAY CLAY SAND SAND GRAVEL GRAVEL 
(SIL TY CLAY) 
Use of Identification Chart-An Example 
Starting with an unknown soil sample, the inspector notes at 
the top of Chart II, Soil Identification Procedure, that he must 
first determine if the sample is predominantly fine grained, coarse 
grained or organic. Visual observation and feel indicate that the 
example soil has well over 50 percent fine grains-it is a fine-grained 
soil. Immediately nine group names are eliminated as possibilities-
four gravels, four sands and peat. Moving to the left on the chart, 
under fine-grained soils, the inspector notes that his sample must 
be one of the three clays ( CL, CH, OH) or one of the three silts 
(ML, MH, OL). 
The chart next indicates application of the ribbon test and dry 
strength test. Say the inspector finds that the wet soil forms 
a ribbon and a dry lump has obvious dry strength. This infon11ation 
now eliminates all three silts as possibilties. The inspector then 
finds that the longest ribbon he can form is about five inches and 
also notes that the sample has essentially no organic matter. Thus, 
the high plastic clay (CH), and the organic clay (OH), are elimi-
nated as possibilities and the one remaining choice is a low plastic 
clay (silty clay-CL). 
Additional Descriptive Information 
After a soil has been identified, it may be desirable to add addi-
tional descriptive information-especially for the coarse-grained soils. 
\Vhen the material is well graded the maximum aggregate size 
may be recorded; when poorly graded, the maximum size and the 
predominant size are frequently recorded. 
More information on the granular particles such as hardness, 
general shape, surface texture and mineralogy may be important 
depending on the use of the material. Rock particles may be classed 
as soft, medium or hard. In shape they may be: rounded, sub-
rounded, angular or subangular. Surface condition may be rough 
or smooth. Mineralogical data usually pertains to listing percentages 
of soft rocks and materials: shale, coal, limonite, etc.,-see the ISHC 
1969 Standard Specifications for Aggregates. 
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V. FIELD TESTS FOR AGGREGATE MATERIALS 
In addition to evaluating local soils as subgrade materials, the 
county highway inspector frequently needs to evaluate the quality 
of aggregate materials used in base course and surface course con-
struction. Poor quality in base and surfacing aggregates is often 
a cause of roadway distress or failure. 
Poor quality in base and surfacing materials can usually be 
attributed to either poor grading or an excess of plastic fines. County 
highway construction and maintenance forces must be on constant 
alert to guard against these deficiencies. 
The "indicator" tests presented here will assist county highway 
inspectors in evaluating the quality of base and surfacing aggregates 
sampled from either an existing roadway, an existing stockpile, or 
a local gravel pit. 
It is emphasized that these "indicator'' tests are not intended 
as a substitute for standard specification tests covering commercially 
processed aggregates. 
Aggregate Gradation 
The field tests for aggregate grading are basically the same as for 
the identification of coarse-grained soils. 
Visual Estimate of Grading 
A representative sample ( say a quart can-full) is spread out on 
a flat surface. Carefully note the maximum size of particle present 
and the representation of decreasing sizes in the sample. 
Next, make an estimate of the relative proportions of gravel 
(plus No. 4), sand (plus No. 200) and fines (minus No. 200). A 
closer estimate can be made of the proportion of gravel present if 
the sample is sieved through a No. 4 sieve or an ordinary piece of 
wire hardware cloth with about ¼-in. openings. 
Satisfactory Gradings 
If the sample of aggregate material from the roadway, stockpile 
or local gravel pit is reasonably well graded, contains 40 percent 
or more of gravel sizes (plus No. 4) and only minor traces of fines 
( minus No. 200), then the material will probably produce a satis-
factory base or gravel road surface. 
Borderline Gradings 
If however, the sample contains less than 40 percent gravel 
sizes and noticeable amounts of fines, then the material may produce 
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road materials of borderline quality, depending on the actual amount 
and plasticity of fines. Field tests for estimating the amount and 
plasticity of fines are outlined below and on page 37. 
Guide Gradings 
Road experience has shown that satisfactory road bases and road 
surfacing materials can be constructed from a fairly wide range of 
aggregate gradings. A tabulation of guide gradings is set forth below 
to assist in evaluating the gradation for test samples of base and 
surfacing aggregates. The grading limits shown below represent 
ISHC No. 53B and No. 53 aggregates, which have proven both de-
sirable and satisfactory. 
Guide Gradings For Gravel 
Base and Surfacing Aggregates 
Base Aggregate for Flexible Pavement 
Gravel (plus No. 4) 40%-65% (m.ax. size=l,½ in.) 
Sand (No. 4-No. 200) 35 -60 
Fines (minus No. 200) 0 - 5 (nonplastic) 
Gravel Road Wearing Surface Material 
Gravel (plus No. 4) 40%-65% (max. size=l in.) 
Sand (~o. 4-No. 200) 25 -55 
Fines (minus No. 200) 5 -10 ( slight! y plastic) 
Amount of Fines 
Estimating the amount of fines in a sample of base or surfacing 
aggregate is actually a part of the field test for estimating gradation. 
This estimate uses a water-settlement technique which is based on 
the fact that particles settle in water at a rate proportional to their 
size. Thus, sand sizes settle first, silt sizes next and clay sizes last. 
Sedimentation Test 
The sedimentation test is another "indicator" test. \Vith reason-
able care, an estimate or approximation can be made of the amount 
of sand, silt and clay sizes present ir1 the test sample. The test 
procedure is as follows : 
(1) Secure a representative sample (say a quart-can full) of 
the base or surfacing material to be tested. 
35 
(2) Separate gravel sizes from the sample by screening the 
sample through a No. 4 sieve or a piece of hardware cloth with about 
¼-in. openings- Fig. 14. 
( 3) Fill a straight-sided gla~s jar with about 5 in. of water. 
Pour the sand and fines, separated from the gravel, into the jar. 
A closer estimate can be made if a tall, slender jar is used-Fig. 15. 
( 4) Agitate or stir the mixture until the soil is completely 
broken up into individual particles. 
( 5) Get all soil particles into suspension, by shaking jar 
vigorously, end to encl-Fig. 16. 
(6) Quickly place the jar at rest on a level surface and in-
stantly begin a ZS-second count. Give the jar a quick 180 degree 
rotation in order to make the particles settle in a level plane. 
(7) Sand sizes will settle in about 25 seconds; silt sizes in 
about 60 seconds; clay sizes in about 1 ¼ hours. Using a pencil, 
mark the jar, on masking tape, at the top level of sand sediments-
those accumulated after 25 seconds (Fig. 17-lower mark). Marking 
the jar after 60 seconds, to distinguish silt and clay, is optional. The 
test is designed primarily to determine percent of fines. 
(8) Repeat 5, 6 and 7 to recheck the 25-second-level mark and 
the 60-second-level mark. 
(9) After an average 25-second mark (and optimal 60-second 
mark) have been determined, allow the sample to settle in the jar 
until the water clears, or until 1 ¼ hours have elapsed-whichever 
comes first. 
(10) Next, using a pencil, mark the top level of sediments in 
the jar between clay and clear water-Fig. 17, upper mark. 
(11) vVith an appropriate scale, measure to the nearest 1/10 in. 
the following vertical distances along the side of the jar-Fig. 18. 
a=bottom of jar to 25-second level (sand) 
b=25-second level to top of sediments ( silt and clay) 
Exainple: Assume that a sample of gravel road surfacing is being 
inspected. A representative sample has been screened through ¼-in. 
hardware cloth ( or No. 4 sieve if available) and the separation of 
plus ¼-in. sizes yields a visual estimate of : 
45 % Gravel (plus No. 4) 
55 o/o Sand plus fines ( minus No. 4) 
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A sedimentation test on the minus No. 4 material provided the fol-
lowing values: a=3.0; b=0.5 
a 3.0 
Percent sand= --- x lOJ = -- x 100 = 86% 
a+ b 3.5 
0.5 b 
Percent fines = --- x 100 = -- X 100 = 14% 
a+b 
Gravel= 1.00 x 45% = 45.0o/o 
Sand .86 x 55% = 47.3% 
Fines = .14 x 55% = 7.77c 
100.0% 
3.5 
Nate: The results of the sedimentation test are only approximate, 
since the time-rate of settlement for a given grain size is at best 
only an average theoretical figure. 
Plasticity of Fines 
The plasticity of fines is a critical factor in the evaluation of 
either gravel base or surfacing materials. Plastic fines, even in small 
amounts, can seriously reduce the quality of base or surfacing ma-
terials. 
Plasticity Test 
Plasticity is a property of soil which allows it to be kneaded 
to a putty-like consistency at the proper moisture content. The 
following is an "indicator" test which will yield fairly reliable results 
if performed with reasonable care and attention to details. 
( 1) Secure a representative air-dry sample ( say a quart-can 
full) of the base or surfacing material to be tested. Break-up lumps 
of fine materials by hand or with a short piece of a broomstick. 
(2) Screen a portion of the sample through a No. 40 sieve 
(a piece of ordinary window screen may be substituted for the No. 
40 sieve)-Fig. 19. 
( 3) Screen a sufficient amount of the sample to yield three or 
four heaping tablespoonsful of fine material passing the No. 40 
sieve ( or screen wire). 
( 4) Place the material passing through the sieve ( fine sand, 
silt and clay) in a small bowl and add water two or three drops at 
a time, mixing and kneading thoroughly with the fingers- Fig. 20. 
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Fig. 14. A fairly accurate means of separating gravel, sand and 
fines, in order to estimate the percentage of each, is to first separate 
the gravel by working the sample through a piece of ¼-in. mesh 
hardware cloth as shown here. The sand and fines are then separated 
as shown in Figures 15, 16 and 17. 
Fig. 15. In this photo, sand with fines, obtained from the pan 
in Fig. 14, is carefully placed in a straight sided jar with five inches of 
water in preparation for a sedimentation process to separate the sand 
and fines. 
Fig. 16. The jar with sand, fines and water is vigorously shaken 
and then placed at rest. In five inches of water, all the sand will 
settle in about 25 seconds and all the fines, silt and clay, in about 1 _½ 
hours-or more-when the water clears. 
Fig. 17. In this photo, the lower pencil mark was placed after 
25 seconds to mark the top of all the settled sand particles. Actually, 
another line could have been similarly located by drawing it between 
the smallest particles visible to the naked eye and those not visible-
no timing would be required. The upper line, drawn on top of the 
sediments after 1 _½ hours or after the water clears, marks the top of 
the fines. With the gravel separated on the wire mesh (Fig. 14) and 
the sand and fines separated, as above, the percent of each can be 
estimated-with or without computations. 
Fig. 18. This photo shows how the thickness of the fines and 
sand can be measured to the nearest / 0 in. The text provides instruc-
tion on how to mathematically compute the percentages of gravel, 
sand and fines. 
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( 5) Add the minimum amount of water to easily mold material 
into a "golf-ball." Do not add so much water as to make it sloppy 
wet. Obtaining the proper moisture content is important. 
(6) Form test specimen into a ¾-in. roll, adding a little more 
water if necessary. 
(7) With the "flat" of the hand, using a light finger pressure, 
roll the test specimen on a fiat waterproof surface. If surface be-
comes wet or muddy, the soil specimen is too wet and should be 
reworked to reduce the moisture content-Fig. 21. 
(8) Continue rolling the test specimen on the fiat ,vaterproof 
surface, using sufficient finger pressure to gradually reduce the 
diameter of the test specimen. 
(9) The object of the test, is to determine the diameter of the 
test specimen at which the roll breaks or crumbles-Fig. 22. 




Ys in. or less 
Over Ys in. to 
less than ¼ in. 
}4 in. or larger 
Suitability and Use 
Unsuitable for gravel base or 
wearing surface aggregate 
Suitable for gravel 
wearing surface aggregate 
Suitable for gravel 
base aggregate 
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Fig. 19. To test the plasticity of fines in a aggregate, an ordi-
nary piece of window screen may be used to separate out the fines. 
Actually the fines will include: silt, clay, fine sand and some medium 
sand but this mixture should be satisfactory for the simple plasticity 
test described in the text and illustrated in Figures 20, 21 and 22. 
Fig. 20. The "fines", obtained as shown in Fig. 19, are placed 
in a small bowl and thoroughly mixed with water-a few drops at a 
time. The material should be thoroughly wetted but not dripping wet. 
Fig. 21. Using an amount about the size of a golf ball, it is 
first formed into a ¾ in. roll and this roll is rolled with the fingers, 
as shown above, to the smallest possible diameter without breaking 
or crumbling. 
Fig. 22. If the roll crumbles (above-top) at or before reaching a 
diameter of about ¾ in. (pencil thickness) the fines are probably 
suitable in a base course aggregate-the fines serve as a filler. If the 
roll reduces to between ¾ in. and ,Ys in. the fines are probably suit-
able in a gravel surfacing aggregate-the fines serve both as a co-
hesive agent and filler. If a roll reduces to ,Ys in. or smaller the fines 
are not suitable for either above use. 
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VI. RATING SOILS AND AGGREGATES 
AS ROAD MATERIALS 
All soils have certain properties that influence their behavior and 
usefulness as road materials for construction and maintenance; the 
most pertinent properties include: ( 1) load-carrying properties, (2) 
drainage properties, ( 3) frost properties and ( 4) compaction prop-
erties. These properties are given a relative rating for each soil 
classification group in Chart III - Soil Use Chart, page 45. 
Load-Carrying Properties of Soils 
The load-carrying capacity of a soil may be defined as its ability 
to resist penetration or lateral movement when loaded. This property 
depends upon the ability of a soil to resist shear-see Fig. 23. 
Shear strength in soil is derived from cohesion (stickiness) and from 
internal friction (grain-to-grain interlocking). Cohesion is best de-
veloped in clayey soils and internal friction is best developed in clean 
and slightly dirty sands and gravels. 
Strength of Fine-Grained Soils 
Cohesion develops in clays because the grains are extremely 
fine and have a flat, plate-like shape. As the water content of a clay 
decreases (drying), the capillary and surface tension of the moisture 
films cause the clay particles to move closer together. With con-
tinued drying the clay particles develop a strong adhesion for each 
other, forming lumps ( or clods) with high dry strengths. 
Conversely, as the water content increases, the attractive forces 
lose their effect, the clay particles absorb thicker water films, forcing 
the particles apart with a resulting loss in cohesive strength. The 
more plastic the clay ( more of the finest clay sizes) the greater the 
loss in cohesive strength between dry and wet conditions. Clayey 
soils can lose as much as 75 percent of their strength in the wet 
spring season. 
Silty soils have some cohesion and some internal friction, but are 
only slightly stronger than clays. The fines ( silts and clays) in 
dirty gravels and sands reduce the load-carrying capacity by: ( 1) 
reducing the grain-to-grain contact points between the coarse grains, 
and (2) acting as a lubricant. 
In the Soil Use Chart, the strengths of clays and silts are rated 
poor to fair. Clayey and silty gravels and sand are rated fair to 
good. Any soil with more than about 12 percent fines will have a 
considerable loss of strength between dry and wet conditions. 
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CHART Ill - SOIL USE CHART 
(Numbers in the Chart refer to footnotes) 
s 
PROPERTIES1 USES y 
M Load Frost COMPACTION SOILS B EOUIPMENT2 0 Permeability Carrying Suscept· c:!!8se3 ~;~:~~~ L Abilitv ibilitv 
None Excellent7 
WELL-GRADED GRAVEL GW Pervious Excellent to very to Fair 
slight Vibratory 5 good 
Very None 
Rubber tire 
POORLY-GRADED GRAVEL GP pervious Good to very 
Steel wheel 6 Fair -----
slight 
Semi-perv Good Slight Excellent Good 
SILTY GRAVELS GM to to to Vibratory to to 
impervious fair medium Rubber tire fair fair 
Good Slight Sheepsfoot Good Excellent 
CLAYEY GRAVELS GC I mperviou5 to to Steel wheel to to 
fair medium poor good 
None 
WELL-GRADED SAND SW Pervious Excellent to very Vibratory Poor Fair 
slight Rubber tire 
None 
Steel wheel 
POORLY-GRADED SAND SP Pervious Good to very Poor ------
slight 
Semi-perv Good Slight Fair 
SILTYSANDB SM to to to Vibratory to -----
impervious fair high Rubber tire poor 
Good Slight Sheepsfoot Fair Good 
CLAYEY SANDS SC lmpervioui to to Steel wheel to to 
fair high poor fair 
SILT ML Fair 
'---
Semi- Fair Medium Rubber tire 
MICACEOUS SILT MH pervious to to very Segmented wheel 
to poor high Steel wheel 
imperviou! 
ORGANIC SILT CL Poor 
Medium 
SILTY CLAY CL Fair to 
high 
Rubber tire 
HIGH PLASTIC CLAY CH lmperviou: Poor Medium Sheepsfoot 
Steel wheel 
ORGANIC CLAY OH Very Medium poor 
PEAT AND MUCK Pt Remove from subgrade, 
1. Qualitative values listed below are for properly compacted soils. 
2. Equipment listings are in order of efficiency - first is best. 
3. Qualitative values listed are for bases on high traffic roads. 
4. Gravel road wearing surfaces for roads with less than 100 vehicles per day. 
5. Crawler 'tractors can be used as vibratory equipments - other types are listed in text. 
6. Stee.1-whc:el, .Jllers are best used as grade finishers. 
7. WelH 1radec:f gr3vels. are usua.lly very difficult to compact. 
8. These materi~ls cover a r'Onsiderable ouaii-t-y range - from a low percentage of fines (5%-12%)and well graded to 
a high percenta!;fe of fines (over 12% to about 20%) and poorly graded. 
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Strength of Base Aggregates 
The load-carrying capacity, or shear strength of base aggregates 
( clean and slightly dirty aggregates) range from good to excellent. 
The shear strength depends mainly on internal friction which is 
related to the gradation, size, shape, and surface texture of the 
individual aggregate particles. 
Bases of well-graded aggregates are stronger than bases of poorly-
graded aggregates because of better chink-in and more grain-to-grain 
contact produces a tight, dense mass with minimum voids and maxi-
mum strength. 
The maximum size of aggregate is also a factor in base strength. 
In general, the larger aggregate sizes ( up to 1 ¼ in.) produce 
a stronger base through better interlock and internal friction. 
Crushed particles, with their greater angularity, also improve the 
strength of the base aggregates. 
Thick Bases for Weak Subgrades 
The main function of a base course in the construction of roads 
and streets is to spread the applied traffic loads and there-by reduce 
the stress or pressure reaching the subgrade soil. Increasing the 
base thickness simply increases the "snowshoe" effect by causing 
a greater reduction in the pressure reaching the subgrade soil-see 
Fig. 24. Increased pavement thickness ( and increased pavement 
rigidity) also increases the "snowshoe" effect for applied roadway 
loads. 
The great majority of Indiana's surface soils are silty clays 
that provide a relatively weak subgrade support. For this reason, 
our county road improvements should provide for base courses con-
structed to adequate thickness, of quality materials and with proper 
compaction. However, this can only be accomplished through engi-
neering design, specifications and inspection-all beyond the scope of 
this manual. 
Considering Indiana's high rainfall, generally high ground-water 
levels, and poorly-drained soils, the matter of drainage deserves a 
high priority in planning county road improvement projects. In 
most of Indiana's flat terrain, and especially in poorly-drained basin 
areas, great improvements in road life could be made by raising 
the grade-line profile one to two feet above the natural ground sur-
face. See HERBIC Bulletin No. 4, "Principles of Highway Drainage 




Fig. 23. Weak subgrades and bases usually fail by shearing when overloaded 
-there is slippage along the shear planes shown above. As clays absorb 
water, the water film thickens and cohesion (stickiness) between day 
particles decreases. Wet clays can lose 75 percent of their dry 
strength. Interlocking (internal friction) and strength of clean 




Fig. 24. This drawing shows how increased base thickness reduces the load 
pressure on the subgrade. Note that for the thin base on the left the 
diameter of the area of load distribution on the subgrade is narrow 
( narrow snowshoe effect) but with the thicker base, on the 
right, the same load is distributed over a much wider area 
( wide snowshoe effect). Weak subgrade soils require 
relatively thick bases. 
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Drainage Properties of Soils 
The drainability of a soil is measured by its permeability-or the 
ease or difficulty with which water will pass through the pores of 
the soil. 
The Soils Use Chart divides soils into four general groups : ( 1) 
very pervious - instant drainage (2) pervious - fast drainage 
( 3) semi-pervious-slow to very slow drainage ( 4) impervious-
essentially no drainage. 
Drainability of Subgrade Soils-Indiana 
The Soil Use Chart lists the three clays, clayey sand and clayey 
gravel ( over 12 percent clayey fines) as impervious. The three 
silts, silty sand and silty gravel ( over 12 percent silty fines) are 
rated as semi-pervious to pervious. Therefore, the great majority of 
Indiana's surface soils would have a drainability of fair to poor. 
Drainability of Base Course Aggregates 
The permeability of clean and slightly dirty aggregates ( such 
as used for base courses) ranges from very pervious, pervious, and 
semi-pervious to impervious. The permeability of these materials 
depends on : ( 1) gradation, ( 2) type and amount of fines and ( 3) 
density. 
( 1) Gradation: Uniformly-graded, or open-graded aggregates 
drain faster than well-graded, or dense-graded aggregates. The chart 
shows poorly-graded gravels (clean) to be very pervious and well-
graded gravels ( clean) to be pervious-the latter has less voids. 
(2) Type and Amount of Fines: Clay fines in aggregates, slow 
drainage more than silt fines. Silty gravels (GM) and sands (SM) 
are rated semi-pervious to pervious, while clayey gravels ( GC) and 
sands (SC) are rated impervious. 
( 3) Densfry: Increased densities of a given soil material will 
decrease the voids in the compacted soil and accordingly decrease 
the permeability and drainage. Clean, dense-graded base materials 
can be compacted to such a high density that they are essentially 
impervious. 
Aggregate Placement for Good Drainage 
When bases are constructed with open-graded aggregates it is 
best to extend the aggregates through the shoulders for adequate 
drainage. Also when open-graded aggregates, mostly larger than Ys 
in. are used, it would be ideal to use a 2-in. to 4-in. thick sand 
blanket or screenings as an inverted choke between the base and a 
subgrade composed of fine-graded soil especially m consistently 
wet areas. 
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\Vhen dense-graded base materials are used they may be con-
strncted in a trench only under the road,vay itself. As they are 
nearly impervious, water can not penetrate them and these bases 
need not go through the shoulder for drainage. The low areas 
however, should have drainage outlets. Also, dense-graded bases 
do not require the sand blanket to prevent subgrade intrusion. 
Frost Properties of Soils 
Frost action is a general term referring to freezing and thawing 
of water in soils. As the soil freezes in winter, ice crystals in the 
soil pores tend to attract more water from unfrozen lower levels. 
The ice crystals grow to ice lenses and heave the roadway upward-
see Fig. 25. 
As the ice lenses melt in the spring, the melt water softens the 
roadway and causes pot holes or chuck holes. This road damage 
is commonly called "spring breakup". 
Frost Susceptible Soils 
The most frost susceptible soils are those that carry the greatest 
amounts of capillary water to the freeze zone. The most susceptible 
soils are silts and fine sands. Their minute pores act as capillary 
tubes whose very small size attract and feed water generally upward 
and relatively fast-like a wick in a kerosene lamp. 
Clays can draw water to greater heights ( over 30 ft.) than 
silts, but the clays drav.' smaller amounts at a slower rate and so 
are not as frost susuceptihle as silts. Organic clays are an exception. 
The chart shows organic clays to he the most frost susceptible 
of all soils-but, overall, organic clays are not commonly encountered 
in Indiana. 
Further review of the chart shows the following: silts and fine 
sands are the most frost susceptible; clays in ge1ieral, are second; 
dirty sands and gravels-third ; and clean sands and gravels es-
sentially are not susceptible to frost. Clean gravels and sands are 
free draining with voids large enough to preclude capillary action; 
such materials are not susceptible to frost action. 
Preventing and Minimizing Frost Damage 
( 1) Replacement of Frost Susceptible Soils-The only sure 
way to prevent frost action is to replace frost susceptible soils with 
clean, free-draining, nonfrost-susceptible, granular materials to the 
full depth of frost penertation-about 18 in. to 24 in. However, 
this is often not economically feasible for Indiana counties. 
(2) Keep the Subgrade Dry--If there is no water in the sub-
grade, there will be no heave. Ditches and subdrains should he used 
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Fig. 25. This sketch shows how ice lenses growing and melting in frost 
susceptible soils cause upward and downward movement and break-up 
of pavements. The three factors involved are: (1) freezing temper-
ature, (2) source of water, and (3) frost susceptible soils. The 
last two factors can be controlled. 
to lower the ground water level and/ or to intercept springy or water-
bearing strata. Make especially sure that ditch levels are below 
bases-see HERPIC Bulletin No. 4, "Principles of Highway Drain-
age and Erosion Control." 
\Vhere the ground-,vater level is near the surface, and cannot 
be lowered, an ideal solution is to raise the grade one or two feet 
with clean, granular materials. If this is not feasible, then raising 
the grade, say two feet, with fine-grained soils ,vill help minimize 
frost damage if the soils are properly compacted. 
( 3) Good .Lviaintenance Practices-Good maintenance, especial-
ly the use of good surface drainage, plus keeping the pavement 
surface sealed, will help to minimize frost damage. Posting of 
damage-susceptible roads is also advisable. 
so 
Compaction Properties of Soils 
The primary objective of this section is to emphasize the benefits 
of proper soil compaction. Indiana county highway departments need 
to make better and more consistent use of this tried and proven 
construction procedure. 
There is no other single treatment, at so low a cost, that pro-
duces as much improvement in the physical properties of a subgrade 
or base material as does proper compaction. Compaction makes a 
soil: tighter, denser, stronger, keeps it drier, makes it less frost 
susceptible, minimizes volume changes ( swelling and shrinking) 
with wetting and drying and minimizes settlement. A pavement on 
a well-compacted fill or subgrade is stronger, more durable and less 
costly to maintain than one on a poorly-compacted or uncompacted 
fill or subgrade. 
Compaction Defined 
Soil compaction is defined as a mechanical process in which 
soil materials are made more dense. Density is increased by reducing 
air voids-air is literally squeezed out-the water content remains 
constant. In general., increased soil density increases soil strength. 
Compaction Factors 
There are five factors involved in soil compaction: ( 1) soils, 
(2) equipment, ( 3) lift or layer thickness, ( 4) number of equipment 
passes, and ( 5) soil moisture content. Each of these factors is briefly 
discussed below. Detailed specifications for subgrade and base com-
paction are provided in the Indiana State Highway Commission 
Standard Specifications. 
Soil Type and Compaction Equipment 
Certain soils are more efficiently compacted by one type of 
compactor than another. The Soil Use Chart lists the most efficient 
compactors for each soil classification-also see Fig. 26. 
In general, the rubber-tired roller is presently the best universal 
roller-it is good for all soils. The sheepsfoot roller is excellent for 
clayey soils and dirty gravels and sands but inefficient for silts and 
fine sands. The latter are best compacted by the tamping action of 
pad-feet on segmental-wheel rollers. 
The steel-wheel roller is listed on the chart for all soils, mainly 
because there are so many readily available. When the steel-wheel 
roller is used as the prime compactor, minimum lift thickness and/or 
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Fig. 26. Certain soil types are more efficiently compacted by one type of roller 
than another. However, the rubber-tired roller is about the best universal 
roller-it is good on essentially all types of soils. See text for most 
efficient use of: (A) rubber-tired roller, ( B) sheepsfoot roller, 
(C) segmental-wheel roller (with pad feet), (D) steel-wheel 
roller; and vibratory compactors, (E) crawler tractor, 
(F) vibratory shoes or plates, (G) vibratory roHer. 
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maximum passes should be used. The steel-wheel roller is best used 
as a finisher. 
Gravels and sands, with less than 15 percent fines, are most 
efficiently compacted with vibratory equipment. Crawler-type tractors 
can effectively serve as vibratory compcators. Vibratory equip-
ment includes: vibratory shoes or plates, vibratory rollers, and nobby-
grid rollers. With less than 15 percent fines, vibrations travel fast 
and deep, through hard particles, rotating them into a tight fit. 
Lift Thickness 
Usually soils should be spread in layers 6-in. to 8-in. thick in 
a loose condition. As the fine-grained soils tend to bulk up more, 
their loose lift thickness would come closer to 8 in. and the more 
granular soils closer to 6 in. Usually the average compacted lift 
thickness is about 6 in. 
Granular base course materials may be compacted in lifts rang-
ing up to 6 in.-depending upon the type of compaction equipment 
utilized. If smooth-wheeled compactors are used, the lifts should 
be controlled to about 4 in. However, if vibratory compactors are 
used, lifts of up to 8 in. or 10 in. may be permitted. 
Number of Equipment Passes 
The average number of passes for "standard" equipment, average 
lift thickness and optimum moisture content ( see below) is four to 
six. Soils on the dry side will require more passes. Excessively wet 
soils should be given time to reach a drier state. 
For rollers with pegs or pad-feet, compaction is completed 
when the pegs or pads "walk-out" or "walk" on the compacted soil 
surface. 
Soil Moisture and Compaction 
For each soil type there is a certain moisture content at which 
a relatively high density can be attained with a minimum number 
of equipment passes. This favorable moisture content is called the 
optimum moisture content. At optimum moisture there is enough 
moisture to lubricate the particles and just enough to fill most of 
the void spaces after compaction. When there is too much water 
in the voids, soils tend to wave-up in front of the roller and do 
not properly compact. 
There is a rather detailed laboratory test to determine optimum 
moisture to produce maximum compaction. Below however, is a 
simple field test to determine if a soil is near optimum. 
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Field Test for Approximate Optimum Moisture Content 
Fine-grained soils and dirty gravels and sands should be 
thoroughly damp---not wet and sticky-and not dry and dusty-
Fig. 27. The soil should be damp enough that a ball of the soil will 
stick together when squeezed in the hand-Fig. 28. As a further 
check, drop the ball of soil on a hard surface from a height of 18 in. 
to 20 in. It should be moist enough that it cracks but does not shatter 
after striking the solid surface. 
Fig. 27. For efficient compaction of fine-grained soils, and dirty gravels and 
sands, the soil should be thoroughly damp but not wet and sticky. The 
above photo, and Fig. 28, illustrate a very simple field test for this 
optimum moisture content. 
Fig. 28. The soil shown above is at optimum moisture content. A handful, 
firmly squeezed in the hand, holds together and does not stick to the hands. 
A further check, is to drop the ball 18 in. to 20 in. on a hard surface. 
The ball should only crack and not shatter. 
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APPENDIX A-SAMPLING PIT-RUN SANDS AND GRAVELS 
FOR TESTING 
Obtaining a Representative Sample 
The primary concern in obtaining a sample from a gravel pit for testing is 
to get a representative sample. If a power shovel is to scoop across several 
layers, the sample obtained should include material from each layer mixed 
together just as the shovel mixes it when loading it into a truck. Test results 
represent only the sample and the more closely the sample represents the material 
to be placed on grade, the more valid the test results. 
Reducing Size of Representative Samples 
Obtain a representative sample of about 40 lbs. of gravel and/or sand, place 
it on a piece of canvas and mix it well. Remove cobbles larger than 3 in. 
With a broom stick, quarter the large sample, as shown in Fig. 29, to get a 
smaller yet representative sample for testing. After quartering, discard two 
diagonally opposite quarters and thoroughly mix the remaining two quarters. 
This is a representative sample reduced to about 20 lbs. To obtain an even 
smaller representative sample, of about 10 lbs., the above process should be 
reepated. 
Fig. 29. Large representative soil samples can be reduced to smaller represen-
tative samples by quartering. It is usually done on coarse-grained samples. 
A piece of canvas and a long broom stick or shovel handle can be used 
as shown above. 
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APPENDIX B-SUGGESTED TEST EQUIPMENT FOR SOIL 
IDENTIFICATION 
Soil classification in the field generally requires little or no equipment; how-
ever the following items will facilitate the work. 
(a) A rubber syringe or small oil can of about ½ pt. capacity for adding 
water. 
(b) Porcelain pan, approximately 12-in. diameter and 5 in. deep. 
( c) Small porcelain bowl, approximately 5-in. heavy-duty cereal bowl or 
similar container. 
(d) Standard Test Sieves, 8-in. diameter, sizes No. 4 and No. 40. 
Note: A piece of wire, hardware cloth with approximately %-in. 
openings may be substituted for the No. 4 test sieve. Likewise, a piece 
of screen wire with openings of about -d,-in. may be substituted for the 
No. 40 sieve. 
( e) Tall, slender, straight-sided, glass jar, at least 6 in. in height with a 
good cap. 
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HERPIC PUBLICATIONS AVAILABLE ON REQUEST 
ENGINEERING BULLETINS 
County Highway Series 
No. 1 Dust Control on Unpaved Roads (20 pages) 
No. 2 Roadside vVeed and Brush Control with Chemicals (34 
pages) 
No. 3 C aunt}' Subdi'L•ision C antral: Model Ordinance with Discus-
sion ( 46 pages) 
No. 4 Principles of Highway Drainage and Erosion Control (65 
pages) 
No. 5 An Analysis of Traffic Accidents on C aunty Roads (26 
pages) 
No. 6 Planning and Financing County Bridge Programs (66 pages) 
No. 7 Minor lvfaintenance of County Bridges ( 44 pages) 
No. 8 County Bridge Painting (49 pages) 
No. 9 Annual Travel on County Highways of Indiana (22 pages) 
No. 10 Inventory of Indiana County Bridges (27 pages) 
No. 11 Railroad Crossing Protection on C aunty Roads 
No. 12 Guidelines for Traffic Counts on County Roads 
No. 13 Field Identification of Soils and Aggregates for County 
Roads ( 57 pages) 
HERPIC REPORTS 
Better County Roads 
1-61 Mineral Aggregate Materials for C aunty Road Construction 
( 4 pages) 
2-61 Sizes and Gradings of Aggregates for Road Construction ( 4 
pages) 
3-61 Bituminous Materials for C aunty Road Construction ( 4 pages) 
4-61 Cumulative Bridge Funds for Construction and Repair of 
C aunty Bridges ( 4 pages) 
5-61 Cumulative Bridge Funds-Questions and Answers on Estab-
lishment and Use ( 4 pages) 
ALSO 
Handbook of Facts and Figgres on Indiana County Roads-
including Directory of Indiana County Highway Departments 
( Information piece-SO pages) 
Write requests to : 
HERPIC 
Civil Engineering Building 
Purdue University 
Lafayette, Indiana 47907 
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THE SCHOOLS OF ENGINEERING AT 
PURDUE UNIVERSITY 
Graduate degrees are offered in the fields of aeronautical and 
engine ering sciences, and agricultural, chemical, civil, electrical, 
indus trial, mechanical, metallurgical, and nuclear engineering. 
The research activities in these fields are conducted as a part 
of the program of graduate instruction with students participat-
ing under the direction of their professors. As the engineering 
profession faces increasing responsibilities for dealing with problems 
whose solutions lie at the frontiers of knowledge, the programs 
of graduate research and education in the engineering schools are 
increasingly concerned with the fundamentals of the physical sciences 
and mathematics. 
o.c. 
Field Identification of Soils and 
Aggregates for County Roads 
County Highway Series - No. 13 
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